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2001 to 2020: Genetic Odyssey

ADVANCED TECHNOLOGY CENTER

8717 Grovemont Circle

CGR at NCI Shady Grove Campus

Colocalization drives Innovation
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Seamless integration within DCEG
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. . A Dr. Yeager shifted to advisory role in 2022
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CGR...by the numbers (as of July 2023)
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Variant Detection
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766,852 GWAS Infinium/iSelect
1,395,525 Targeted Genotyping
52,892 Targeted Sequencing
32,442 Germline Exome

7,588 Somatic Exome

2,711 PacBio Sequencing

734 Whole Genome Sequencing

Functional Assessment

Non-human

rs5003154

29,773 Methylation Arrays
30,952 Telomere length
5,226 mMRNA Sequencing
1,832 miRNA Sequencing
568 Functional Sequencing

27,237 HPV Sequencing
54,128 HPV typing

24,582 16S rRNA sequencing
489 Metagenomic Sequencing
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CGR Coauthored Publications 2005 —
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m) NATIONAL CANCER INSTITUTE ~150 pre-2005



Subcontract Coordination with Center for Cancer
Genomics (CCG)

Leverage CCG Subcontract to supplement key research in DCEG

Study Nationwide Broad - WGS
Tumor Normal Tumor Normal Germline

Sherlock Lung 1770 1371 1532 617 934
Chernobyl Thyroid 618 541 451 378 251
Hong Kong Breast 186 186 96 92 49
EAGLE Italian Lung 1171 163 150 19 40
Italian Kidney 218 97 95 22 7
Chernobyl Trios : : : : 340
ltalian Melanoma : : : : 213
PLCO Colorectal 138 4

m NATIONAL CANCER INSTITUTE
Center for Cancer Genomics
Many thanks to L Staudt et al 8



CGR
Integrally involved in DCEG from planning to publication
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Sample
. - Aliquoting, MDPL Functional . :
Genotyping Sequencing Ex?ractio%, Histopathology Support Bioinformatics
QC, Staging
- - % | . .

Technology Development, LIMS,
Project Management, Quality
Management, IT, Administration
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Management of all work through CGR LIMS

= CGR LIMS (LabVantage Sapphire) came online in 2003 and tracks all processes ‘I‘ i

= CGR LIMS shares via API sample inventory and image metadata between BSI and HALO
m
®
LINK

= |nvestment from DCEG key to support (4 staff for CGR LIMS) and allows LIMS to grow
alongside technology and support organization ‘

COMPLETE iiiiiii.....

SPECIMEN MANAGEMENT R o e =




Coordination with NCI — Frederick Biorepository

= Central Repository houses over 15M biospecimens

= DCEG has over 12.5 M biospecimens (50+ types)

= BSI:CGR-LIMS real-time updates critical for traceability
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CGR Dedication to Quality Management- ‘4Ms’

High throughput and high quality not easy to obtain and maintain

&

Continual improvement via active SOP system and Deviation/CAPA

Documentation (Teams, LIMS, FogBugz, Github, Jupyter)

Benchmarking and Controls for all new wet lab and analytical pipelines

; :F W

N ad

Method Materials Machine

* Process training * SOPs * Inventory Management * Equipment maintenance
» SOPs * Process optimization  Cold storage monitoring » Automation
« Staff cross-training * Deviation/CAPA system « Controls » SOPs

 Controls « Sample qualification » Controls
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CGR Genotyping Chips (lllumina)

= CGR and DCEG leading GWAS studies since 2006

OncoArray.
,-/_\ 3

Global
Screening
Array
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Underlying Genetic Architecture of Cancer Susceptibility: March 2023

>1400 GWAS Signals
70% include CGR data

5p15.33

For > 30 “cancers”
Rare to Common

25A2;

Ancestral

~85% whites

~14% East Asia

~1 % African Ancestry
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~15% Pleiotropy
(shared between cancers)
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~10% Pleiotropy with other
chronic diseases
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Leveraging Sequencing Technology:
From chemistry to analytical pipelines

= Exome sequencing for family studies

= Population based exome studies

= Early adoption of long read PacBio applications
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High Throughput Sample Management

* CGR build out of dedicated sample logistics unit
= High throughput germline sample extraction methods
= Support for extractions from FFPE tissues

= Standardized QC, sample staging protocols

Extractions per Month DNA Samples Staged/Month

1500

1000

500

0
2021 2022 2023
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Leveraging CGR Aliquoting Capabilities for new FNLCR/NCI Efforts

= Automated and manual aliquoting available
= Thaw time configured for study aims

= Samples maintained at +4C or less

= Fully integrated mechanical chillers

= BSI used to track all child vials,
shipments, and residual returns

= Enhanced BSL2+ safety capabilities

Biospecimen Aliquoting at CGR

160000
140000

120000 .
100000
80000
60000
40000
20000
’ - - DeveYI:p ent SerONet

2020 2021 2022 2023

W Parent Specimens  ® Aliquots Ge 17



Expansion: Molecular and Digital Pathology
Enabling somatic studies

= Pathologist review, scoring, annotation support

Tissue sectioning, tumor/cell enrichment
through macro/microdissection

H&E, chromogenic IHC, multiplex IF

Tissue microarray construction

Support for spatial biology approaches

b oge
= =

Tumor area identified and Tumor area marked on corresponding  Cores inserted info a recipient TMA sections cut and stained.
marked on histology slide. tissue block and core biopsy taken. block in an array pattem. Multiple cores are now ready
for simultaneous analysis.

~
b 5ot
Y
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Digital Pathology at CGR: Creating an NCI Resource
Established at DCEG by CGR/MDPL in 2018 : ¢ ,
Expanded to an NCIl-wide resource in 2020
Enables large scale digital pathology powered by INdica labs

image management and analysis

Allows NCI and DCEG scientists to combine (D) NaTioNAL caNcER INsTITUTE

datasets across multiple cohorts

Supports Al-enabled trained algorithms

PLCO Image repository

Effort recognized by 2023 NCI Directors OD Award

19



Close Engagement with LTG/LGS drives discovery

= Support functional validation or characterization
of findings derived from GWAS/sequencing

CGR
= CGR contributed to 100 papers from LTG/LGS gwas signals “soron
lon Torrent
= Understand how genetic variations cause i i ”
cancer susceptibility and outcome P T Fine Mapping
. g i Targeted Re-sequencing
= Evaluate the functional consequence of the e ~ Imputation
. . . . 2
genomic/epigenetic alterations -l e
= Determine the pathogenesis of cancer using lological Ll

genomic, functional, and cell-based assays

= Support training of students/fellows

20
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SherIOCk—Lung (NCI Directors Award Recipient 2023)

= Ongoing mutational signhature analyses in >2000

non-smoking lung adenocarcinoma

= Integrated analysis of WGS, histology and radiology data

RN

9
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= CGR manages work at NCH, Broad, generates RNA, methylation
data, supports digital pathology efforts

Asian never smokers

European never smokers

000 a8 -G8 EES - (AR MR- o+

(B 000000

European smokers

ARTICLES

Nitps: /ol cog /101038 /541588-021-00920-0

Genomic and evolutionary classification of lung
cancer in never smokers

Tongwu Zhang ", Philippe Joubert?, Naser Ansari-Pour , Wei Zhao ©", Phuc H. Hoang ",
Rachel Lokanga®, Aaron L. Moye?, Jennifer Rosenbaum, Abel Gonzalez-Perez ",

Francisco Martinez-Jiménez”, Andrea Castro®", Lucia Anna Muscarella ®”, Paul Hofman®,
Dario Consonni ", Angela C. Pesatori ", Michael Kebede', Mengying Li',

Bonnie E. Gould Rothberg™*, Iliana Peneva™*, Matthew B. Schabath &7, Maria Luana Poeta &%,
Manuela Costantini®, Daniela Hirsch &, Kerstin ddad, Amy i

Mary Olanich'#, Scott M. Lawrence %, Petra Lenz'*°, Maire Duggan ©, Praphulla M. S. Bhawsar',

Jian Sang', Jung Kim ', Laura Mendoza ©', Natalie Saini?, Leszek J. Klimczak &,
S. M. Ashiqul Islam*, Burcak Otlu©*, Azhar Khandekar, Nathan Cole'*, Douglas R. Stewart’,
Jiyeon Choi ™', Kevin M. Brown ", Neil E. Caporaso', Samuel H. Wilson®, Yves Pommier,

Qing Lan', Nathaniel Rothman', Jonas S. Almeida', Hannah Carter®, Thomas Ried, Carla F. Kim 5%,

Nuria Lopez-Bigas 7, Montserrat Garcia-Closas 0", Jianxin Shi', Yohan Bossé*?, Bin Zhu®",
Dmitry A. Gordenin ©Z, Ludmil B. Alexandrov ©*, Stephen J. Chanock ', David C. Wedge ©*% and
Maria Teresa Landi ©'

Tracing Lung Cancer Risk Factors Through Mutational Signatures in
Never-Smokers

The Sherlock-Lung Study

Maria Teresa Landi*, Naoise C. Synnott, Jennifer Rosenbaum, Tongwu Zhang, Bin Zhu,
Jianxin Shi, Wei Zhao, Michael Kebede, Jian Sang, Jiyeon Choi, Laura Mendoza,

Marwil Pacheco, Belynda Hicks, Neil E. Caporaso, Mustapha Abubakar, Dmitry A. Gordenin,
David C. Wedge, Ludmil B. Alexandrov, Nathaniel Rothman, Qing Lan,

Montserrat Garcia-Closas, and Stephen J. Chanock

rasa Lan, Integrative Tumor Epidemiclagy Branch, Division of Cancar Epidemiclogy and
. National Institutes of Health, Room 7E106, 9609 Medical Drive, Rockville, MD 20892

Initially submitted April 3,2020; accepted for publication October 16, 2020,
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Confluence: Mapping Breast Cancer Susceptibility in the Cloud

e Breast Cancer Association Consortium (BCAC)

e Consortium of Investigators of Modifiers of
BRCA1/2 (CIMBA)

e African-Ancestry Breast Cancer Genetic Study
(AABCGS)

e Asia Breast Cancer Consortium (ABCC) | AABCGS

/

e Latin America Genomics Breast Cancer
Consortium (LAGENO-BC)

Target: 350,000 cases and >350,000 controls Confluence

Uncovering breast cancer ge 5



DDA

Confluence

Uncovering breast cancer genetics
CGR Scientists worked with a large consortia
to design custom content to accelerate breast

cancer research on the lllumina Global Screening
and Global Diversity Arrays

---------------------- ~270,000 available samples

Collaborative genotyping and support
@ Cambridge University (D Easton)

CGR- 118,588 samples received
» 109,226 samples scanned

2504000* Confluence genotyping goal
_____________________ 227,499 samples received

--------------------- 216,101 samples genotyped
200,000

150,000

100,000

CGR instrumental in developing
Cloud-based resource for study

50,000

23



Critical Role of CGR in Follow-up Studies of
Chornobyl Accident

= Comprehensive Genomic Characterization of Radiation-
Related-Thyroid Cancer in Ukraine (Morton et al Science 2021)

= Hosting of Chornobyl Tissue Bank- An international
resource

= Family Study of Possible Transgenerational Effects of
Adults Exposed to Radiation following the Chernobyl
Accident — (Yeager* et al Science 2021)

24



Study of Possible Transgenerational Effect due to
Protracted Radiation Following Chernobyl:

* No increase in DeNovo Mutations in relation to dose exposure

« Adequate power to detect elevated rates in adult children (survivor bias)

* No evidence of radiation-induced single base mutation or epigenetic

signature -

Lk of trensgenerational effects of ionizing
radiation exposure from the Chemciyl accicent

« Extended gonadal doses
« Alter the balance between new gonadal DNMs and

DNA repair

2 el
Yeager et al. Science 2021 ‘




Distinct Opportunity to Investigate the Intersection of Discrete Radiation
Exposure, Epidemiology & Landscape Genomic Analysis

Morton et al. Science 2021

DNA DSB

April 26, 1986

Radiation dose

i Bl w.g‘cﬁxi‘}

1!!”: | H}MM ”M%H | il
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DNA
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yroid cancer



Microbiome Studies at DCEG/CGR

= Close collaboration with focus on methodological work

= Establish best cost-effective methods for collecting fecal and
oral samples for prospective studies

= Estimate sample size requirements for shotgun
sequencing studies

= Develop quality control standards to evaluate reproducibility

= |nvestigate long-term stability of the microbiome in freezer

= Standardize methods across microbiome pipeline
) . o . Microbiome
= DNA extraction, sequencing, bioinformatics program

| |
f 1 g L
) : Microbial
'Z';]%r?:gfcngf metabolites Methods Cohorts
and cancer
27




H. pylori Genome Project (HpGP)

= Characterize the spectrum of genomic N=1,011 SMRT/PacBio

and epigenomic variations of H. pylori genomes/epigenomes

strains isolated from patients with * Non-atrophic gastritis: 606

various stages of the carcinogenesis * Advanced intestinal metaplasia: 172
process * @Gastric cancer: 233

nature reviews disecase primers httpe: {/doi.org/10.1038/¢41572-023-00431-8

= |dentify molecular features that may
contribute to pathologic effects prmer © crck oo

Helicobacter pyloriinfection

= Establish a repository of
multidimensional data and well-
characterized strains for utilization by
the scientific community

Peter Malfertheiner®'* -, M. Constanza Camargo®, Emad El-Omar @+, Jyh-Ming Liou @%, Richard Peek®,
Christian Schulz@ ", Stella |. Smith® & Sebastian Suerbaum™**

= CGR Staff presenting recent results at
the European Helicobacter and
Microbiota Study Group - EHMSG
2023

Nature 2023 in Review 28



of COVID. -19.

NCI COVID-19 in Cancer Patients Study (NCCAPS): Prospective
Study of COVID-19 in Cancer Patients

COVIDcode Study: NIH Clinical Center IRB approved study of 2,500
cases

= Collaboration between investigators in NHGRI, NCI, and NIAID

COVNET: a large-scale study of the germline genetics of COVID-19
susceptibility and manifestations

= ~30,000 GWAS & 5,000 Whole Genome Sequencing (WGS) of COVID-
19 cases

29



Leveraging CGR Expertise in HPV Assay Development

= High throughput, low-cost 50+ HPV Typing

The Joumal of Infectious Diseases

LY o/

= TypeSeql, TypeSeq2
Evaluation of TypeSeq, a Novel High-Throughput, Low-

- CI’I'[IC&| for epl StUdleS, VaCC|ne trla|S Cost, Next-Generation Sequencing-Based Assay for

Detection of 51 Human Papillomavirus Genotypes

oberson,'? Juseph Baland.'” Aimée R. Kreimer. Meredith Yeager” Michael Cullen.” Lisa Mirabello. S. Terance Dunn.” Joan
ina Por Rolando Herrero* Ana Cecilia Rodriguez, Wim Quint® Leen-Jan

= Methylation

= Key biomarker for progression from
infection to precancer

Clinical
Cancer
Research

Human Papillomavirus DNA Methylation as a
Biomarker for Cervical Precancer: Consistency ®
across 12 Genotypes and Potential Impact on sy

= Screenfire optimization for HPV high risk Management of HPV-Positive Women

Megan A. Clarke', Ana Gradissimo?, Mark Schiffman’, Jessica Lam?,
= = = Christopher C. Sollecito?, Barbara Fetterman®, Thomas Lorey®, Nancy Poitras®,
screening In LMIC environments Tina R. Raine-Bennett", Pl £. Castle, Nicolas Wentzensen and Rabert D, Burk®

Received: 8 March 2022 | Revised: 21 April 2022 | Accepted: 18 May 2022
DOE 10,1002/ 34151

= Temp stable reagents

INTERNATIONAL
INNOVATIVE TOOLS AND METHODS m JOURNAL of CANCER.

[ LOW'COSt | nstru me ntatl on Redesign of a rapid, low-cost HPV typing assay to support

risk-based cervical screening and management

. - = Kanan T. Desai' | Clement A. Adepiti> | Mark Schiffman® | Didem Egemen® |
u S C re e n I n g fo r h I g h - rl S k typ e S O n Iy Julia C. Gage® | Nicolas Wentzensen® | Silviade Sanjose™ | Robert D. Burk® |
Kayode O. Ajenifuja®

30



DCEG and NCI investment in HPV Research

Contents lists available at ScienceDirect

EClinicalMedicine

journal p: journals.elssvier

Research Paper

A study of type-specific HPV natural history and implications for
contemporary cervical cancer screening programs

Maria Demarco™™"", Noorie Hyun*“", Olivia Carter-Pokras”, Tina R. Raine-Bennett®,

Li Cheung?, Xiaojian Chen?, Anne Hammer*", Nicole Campos®, Walter Kinney", Julia C. Gage®,
Brian Befano', Rebecca B. Perkins!, Xin He", Cher Dallal”, Jie Chen”, Nancy Poitras",

Marie-Helene Mayrand"™, Francois Coutlee”, Robert D. Burk®, Thomas Lorey", Philip E. Castle®,
Nicolas Wentzensen®, Mark Schiffman®

coomsdinee
ST ke
aear e

ORIGINAL ARTICLE

Genetic variation within the human papillomavirus type 16 genome is
associated with oropharyngeal cancer prognosis

ANNALS
ONCOLOG)

K. A. Lang Kuhs'’, D. L. Faden®”, L. Chen®,
J. F. Boland™"’, M. Cullen”®, M. Steinberg’'’, 5. Bass

R. L Ferris****' & L. Mirabello”

D. K. Smith®, M. Pinheiro’, C. B. Wood™", §. Davis®,
710

M. Yeager’-

', X. Wang"', P. Liu"?, M. Mehrad"’, T. Tucker, 1. . Lewns, e,

*Department of Epidemiology, College of Public Health, University of Kentucky, Lexington; *Department of Medicine, Vanderbilt University Medical Cancer, Nashwille;
General Hospital, Harvard Medical Sehool, Boston; *Broad Institute of MIT and Harvard,

*Department of Eye and Ear,
Cambridge; “Division of Cancer Biostatistics, Department of Internal Medicine and Biostatistics and Bioinformatics Shared Resource Facility, Markey Cancer Center,
University of Kentucky, Lexington; *Department of Biostatistics, Vanderbilt University Medical Center, Nashwille; "Division of Cancer Epidemiclogy and Genetics,
Mational Cancer Institute, National Institutes of Health, Rockville; *Department of Gtolaryngology — Head and Neck Surgery, Vanderbift University Medical Center,
Mashville; *Department of Otolaryngology — Head and Neck Surgery, University of Tennessee Health Science Center, Memphis; ““Cancer Genomics Research
Laboratory, Leldos Blomedical Research, Inc, Frederick; “*Department of Pharmacology and Regenerative Medicine, The University of llinois at Chicago, Chicago;
“ibepartment of Radiation Oncology, Washington University School of Medicine, St. Louls; “Department of Pathology, Microbislogy, and Immunclogy, Vanderbit
University Medical Center, Nashuille; “University of Pittsburgh Medical Center Hilman Cancer Center, Pittsburgh; *“Department of Otolaryngology-Head and Neck
Surgery, University of Pittsburgh Medical Centes, Pittsburgh, USA

®

Available online 16 Mareh 2022

viruses

papillomavirus Research 1 (2015) 3-11

-
Contents lists available at ScienceDirect X
Paplloravinus
arch

&

Papillomavirus Research

journal homepage: www.elsevier.com/lacate/pvr

JNC1J Natl Cancer Inst (2022) 114(6): djac034

https://dol.org/10.1093/nel/djaco3s
First published online February 17, 2022
Article

Deep sequencing of HPV16 genomes: A new high-throughput tool [ekygelis]
for exploring the carcinogenicity and natural history of HPV16

infection

Michael Cullen™", Joseph F. Boland *"*, Mark Schiffman°, Xijun Zhang"
Nicolas Wentzensen®, Qi Yang ™", Zigui Chen', Kai Yu?, Jason Mitchell *",
David Roberson *", Sara Bass **, Laurie Burdette **, Moara Machado©,
Sarangan Ravichandran®, Brian Luke“ Mitchell |. Machiela®, Mark Andersen®,
Matt Osentoski °, Michael Laptewicz °, Sholom Wacholder ° .AShllE Feldman *",
Tina Raine-Bennett %, Thomas Lorey®, Philip E. Castle *", Meredith Yeager **,
Robert D. Burk ™, Lisa Mirabello **!

Cervical Precancers and Cancers Attributed to HPV Types by Race and
Ethnicity: Implications for Vaccination, Screening, and Management

= Division of Cancer Epidemiolagy and Genecs, National Cancer Instiute, Netional Insitues of Heaic, Rackvile, MD, USA

" Cancer Genomics Research Eaboratory, rderck Narional EaboratoryforCancer Resereh, Lidos Biomedical Researc, . Federc, MD, USA
Department de Gialogia Geral nstituo de Ciénclas oldgicas, Univeridade Federal de Minas Geras,Belo Horzonte, Brazil

* fierck et uorsiory o Coner s St oy MmNl Grup Advced medie Corputin Cn

Frederick. M

ey —— cosbat ca Ush

Jacqueline Mix, PhD (), Mona Saraiya, MD,"* Benjamin D. Hallowell, PhD,! Brian Befano, MS,*

Li C. Cheung, PhD {®,” Elizabeth R. Unger, MD, PhD ), Julia W. Gargano, PhD,” Lauri E. Markowitz, MD,*
Philip E. Castle, PhD {®,*¢ Tina Raine-Bennett, MD,” Joan Walker, MD (®,* Rosemary Zuna, MD,®

e of gy and oputon e e Eie Gl of edig, Y Ush

 ReggonalLaboraory and Women'sHoalh K . Diviion of Reseah, Kafer emnanentz Northen Colfomi, Oakond, CA, SA

Mark Schiffman, MD,* Nicolas Wentzensen, MD, PhD (®,” Julia C. Gage, PhD (B
* Global Coalition Against Cervical Cancer, Artingion,

L UsA
! Division af Cynecologic Oncology. Department af Obsteiics & Gynecology and Women's Health. a Albert Enstein College of Medicie, brome. NY, uan

Cell

HPV16 E7 Genetic Conservation
Is Critical to Carcinogenesis

Lisa Mirabello,’-'** Meredith Yeager, - Kai Yu,” Gary M. Clifford,* Yanzi Xiao," Bin Zhu," Michael Cullen,’*
Joseph F. Boland,”# Nicolas Wentzensen,” Chase W. Nelson,* Tina Raine-Bennett,® Zigui Chen,® Sara Bass,*
Lei Song,’* Qi Yang,' # Mia Steinberg,’* Laurie Burdett,”* Michael Dean,” David Roberson,’ Jason Mitchell,’
Thomas Lorey,” Silvia Franceschi,” Philip E. Castle,” Joan Walker,? Rosemaw Zuna,® Aimée R. Krﬁmer‘

Daniel C. Beachler,-'¢ Allan Hildesheim,’ Paula Gonzalez,'' Carolina Porras,’" Robert D. Burk,® 7213

and Mark Schrﬂman‘ 2

*Division of Cancer Epidemiology and Genetics, National Cancer Institute, National Institutes of Health, Rockville, MD, USA
2Cancer Genomics Research Laboratory, Leidos Biomedical Research, Inc., Frederick, MD, USA

SInfections and Cancer Epidemiology Group, International Agency for Research on Cancer 150, Cours Albert Thomas, 69372 Lyon Cadex 08,
France

“Sackler Institute for Comparative Genomics, American Museum of Natural History, New York City, NY, USA

“Women's Health Research Institute, Division of Research, Kaiser Permanente Northern California, Oakland, CA, USA

High inter-indi

Article

Phylogenomic Analysis of Human Papillomavirus Type 31 and

Cervical Carcinogenesis: A Study of 2093 Viral Genomes

Maisa Pinheiro !, Ariana Harari 2, Mark Schiffman *, Gary M. Clifford *©, Zigui Chen *
Michael Cullen 5, Joseph E. Boland !5, Tina Raine-Bennett §, Mia Steinberg 1%, Sara Bass 1'%, Yanzi Xiao 1,

Vanessa Tenet , Kai Yu !, Bin Zhu ?, Laurie Burdett %, Sevilay Turan %, Thomas Lorey 7, Philip E. Castle %,

Nicolas Wentzensen !, Robert D. Burk 2 and Lisa Mirabello -+

, Meredith Yeager -*

sDepartment of Microbiology, The Chinese University of Hong Kong, Shatin, Hong Kong
Regional Labcramry Kaiser Permanente Northern California, Oakland, CA, USA

and Population Health, Albert Einstein College of Medicine, Bronx, N, USA
*University of Oklanoma Health Sciences Center, Oklahoma City, OK, USA
°HealthCore Inc... Safety and Epidemiology, Wilmington, DE, USA
" Agencia Cs i IB), former Proyecto Epidemiologico Guanacaste, Fundacion INCIENSA,
Guanacaste, Costa Rica
12Departments of Pediatrics, Microbiology and Immuncloay, and Obstatrics & Gynecaloay and Women's Health, Albert Einstein Collage of
Medicine, Bronx, NY, USA
13These authors contributed equally
*Laad Contact
*Gorrespandence: mi
hitp://dx.dol.org/10.1

mail.nih.

31



Establishing Resource within CGR for HPV Typing

Leveraging existing resources and expertise
= High throughput sample management, extraction, analysis

= Established project management, LIMS tracking, quality management

Laboratory staff embedded within existing structure to run HPV
genomic typing assays

Allows for 75-100K tests per year with minimal additions

Future capacity available after completion of vaccine trials
= ESCUDDO, PRIMAVERA, PRISMA
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Transferring Technology to the Community

= Transfer HPV typing to Costa Rica to support
NCI vaccine trials (escuddo, primavera, prisma)

N
= Engagement with FNLCR Technical
Services Program

A
)eééUddo

New Technical Service Makes HPV
Genotyping Available To More
Researchers
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CGR and DCEG drive and support FAIR principles

AGenome-wide Association
study (GWAS) of Risk for
Osteosarcoma (v1)

rabello, Lisa

Lab/FNLCR

xor ) NCI-Cancer Genomics Resear

© A genome-wide association
study of prostate cancer in
West African men (v1)

Cook, Michac!

A novel recurrent mutation
in MITF predisposes to familial
and sporadic melanoma (v1)

1ZAC

Analyzing Familial Bladder
Cancer Families with Whele
Exome Sequending To Uncover
Germline Allelic V (v1)

1EIACFOD

Stewart, Doug

@ Assodations of breast
cancer, urinary estrogens and
prostaglandin E withthe Iga-
stained and -un...

1ZAC

Goedert, James

(V] & & & B cvile, MD &2 hitp Jabout/organi... [E Part of National Cancer Insttute (NC)
< (V] <& (V] B
Popular repositories
< < < (V] B
[} [ ] B
V] A V] V] B

CGEMS Breast Cancer GWAS
(v1)

1ZACPOL0157-12

Chanack, Stephen

CGEMS Pamcreatic Cancer
(PanScan) (v1)

berg-solomen, Rachax

CCEMS Prostate Cancer (v1)

17IACPOL018T-12

Chanack, Stephen

CCAD

A
GitHub

GCP/AWS

Biowulf

< V] < B
< < M B
Justify
GENOTYPES and PHENOTYPES

Migrate Gene Expression Omnibus

Benchmark

NATIONAL CANCER INSTITUTE

vaintain Genomic Data Commons
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Downstream Analysis & Embedded Support

Pipeline optimization and migration (Biowulf, Cloud/Strides, NIDAP) to enable
reuse, reproducibility and improvement by NCI community

= Deposition of code in GitHub
Support for investigator driven analyses for functional and biological insights

Development of support for new applications for single cell, spatial biology and
Al based applications

Dedicated bioinformatics staff (6) embedded in DCEG branches

Active coordination with DCEG Bioinformatics Virtual Core (W Wong director)
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CGR-DCEG Credo

“This is not a ‘core’. This is the Department of Human Genetics of DCEG and is
critical to its important mission.”

David Botstein during 2011 Evaluation

/“\

NATIONAL CANCER INSTITUTE
m Division of Cancer ( Fredean
Epidemiology & Genetics Natlonal Laboratory
for Cancer Research

C=

Cancer Genomics Research

36



—

Acknowledgements S B Za

h 4

. ADVANCED TECHNOLOGY CENTER /\i§ I V




Cancer Genomics Research Laboratory



DSE-DSI N Acids Revrch 00, VoL 12. D e
Do 101B3arrin

SNPSOOCancer. a public resource for sequence
validation and assay development for genetic
variation in candidate genes

Bernice R. Packer®, Meredith Yeager, Brian Staats, Robert Welch, Andrew Crenshaw,

Maureen Kiley, Andrew Eckert, Michael Beerman, Edward Miller, Andrew Bergen',
Nathaniel Rothman', Robert Strausberg? and Stephen J. Chanock®

Il Risearch Support Program, SAKCFraderic, NOLECADC, Fradarck. MO, USA, *Oheon of Cancer
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MD, U
tion on Genarmic Viariation, Pediatric Oncology Branch. National Cancer instiute, National s o Hath,
Gaivarsig, WO, USA

Flocesver oy 8. 2000; Revied and Accspied August 7, 2003

2001: Core Genotyping Facility
Established

CORRESPONDENCE

i Genewindow: an interactive tool for visualization of

 genomic variation

[

2001-2004: Candidate
gene studies,
TagMan, SNP500

namre .
genetics

2 Genome-wide association study of prostate cancer
ifi econd risk locus at 8q24

nawre
Lerrens genctics

Detectable clonal mosaicism and its relationship to
aging and cancer

2005-2007:
Genewindow, CGEMS
for first GWAS,
Pregenotyping QC

2008 - 2010: LTG
established,
Roche454 for fine
mapping, mosaicism

2011-2013: lllumina,
lon PGM, Proton
sequencing, add
DESL, rename to

CGR Milestones

2014: Research group for HPV

genomics, functional applications,

Chernobyl studies

2015-2017: telomere
length, 16S microbial
sequencing,
population scale
WES, 1M sample

2019-2021:
Automated sample
store, CGR moves to
CRL, digital spatial

2018: MDPL
established, HALO
digital pathology,
TypeSeql published

CGR

2022-current:
Validation of
TypeSeqg2, PLCO
Atlas, Confluence, 2M

mark

i! Stephen Chanock, MD * Follow

Milestone: 1 millionth sample logged
@theNClI #Cancer #Genomics Research
Lab 1.usa.gov/1IPn8am. Not possible
without cohort studies.

8 4 BNde=wl £

pathology

IRIDSA |

Evaluation of TypeSeq, a Novel High-Throughput, Low-
Cost, Next-Generation Sequencing-Based Assay for
Detection of 51 Human Pdplllnma\irm Genotypes

S ot Mg b Kt K Mt e Wik Gt s Mkt T e on
g oo s o e L
Vom B’ T OV v, A Wbt Mk S s o Wit

sample mark

Visualize and interact with
genome-wide association study results




Primary Analysis Support

7

Genotyping/GWAS

Sequencing

Methylation

Microbiome

Other Support

*Project-based QC reports

*Study-level support (imputation, meta-analysis, association
analysis)

*Publication support

*QC, SNP/indel/SV variant calling, annotation
Delivery of richly annotated .vcf files

*Germline, de novo and somatic pipelines

*Bulk and targeted (Nanostring) RNA Sequencing

*Analysis for array data
*Project-based QC reports
*Normalization via minfi

*Mothur and QIIMEZ pipelines; delivery of OTU tables, alpha and beta
diversity matrices

*Support for metagenomics

*Mosaicism/CNV

*Data transfer support (Globus, Cloud, sftp)
*Data posting to dbGaP, SRA, GEO, GDC
* TGS, Atlas, Github
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Throughput

Current CGR Seqguencing Capabilities

illumina
A .
¥») PACBIO”
) —
o
| Mo
iontorrent
illumina -
MiSe
applied - [ ] ®
biosystems 3 = e
L=
, @ @ Amplification-based @ Targeted (capture, amplicon)
1 @ target sequencing microbial whole genome assembly
@ SNP, SV validation ® wGs
©
@ 16sRNA WES, RNA-seq
targeted capture
A

Genomic content being targeted

Sequencing History at CGR (Active)
ABI 3730xI DNA Analyzer

Roche 454 Genome Sequencer FLX
lllumina Hi-Scan

Illumina HiSeq 2000

lllumina MiSeq

lon Torrent Personal Genome
Machine

Illumina HiSeq 2500
Illumina NextSeq 500
lon Proton System
PacBio Sequel
Illumina HiSeq 4000
lon S5 Sequencer
Illumina iSeq 100

Illumina NovaSeq 6000
PacBio Sequel lle
What’s Next...to be determined
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Summary

of Laboratory Applications Available at CGR

Logistics and Quality
Management

Sample Aliquoting, Extraction
and QC

Molecular and Digital
Pathology Support

Genotyping

Sequencing

« International shipping support

* Provision of sample collection
kits and barcode labels

* Reagent and supplies
inventory management

* SOP development and
maintenance

» Equipment maintenance

« Staff training program

* Deviation and
CAPA/continual improvement
support

- Extraction of DNA and RNA
from germline blood, saliva

- Dual extraction from FFPE
tissue samples

« Extraction for microbiome
studies (fecal, oral, tissue)

- Pathology assessment of
nuclear cell count/tissue area
to guide extraction activities

- Qualitative and quantitative
assessment of RNA/DNA via
multiple methods

« High throughput temperature
controlled biospecimen
aliquoting

« High throughput sample
normalization and sample
rearray

« High throughput assay plating
based on mass and/or
volume

« Pathology review for Dx
confirmation, tissue quality,
tumor annotation

* Support for H&E staining and
pathology review

* Tissue fixation/embedding/re-
embedding for archival
specimens

* Sectioning of blocks for all
downstream applications

» Hand macrodissection and
laser capture microdissection

» Chromogenic IHC and
multiplex
immunofluorescence assay
support

* Tissue microarray
construction

« Digital whole slide scanning
and high-capacity image
management

* Digital pathology support for
data analysis

* Digital spatial pathology
support via GeoMX

* TagMan targeted genotyping

» Targeted CNV relative
telomere length by gPCR

* lllumina GWAS (all array
types supported)

» Methylation analysis via
lllumina EPIC array

* HPV methylation
* HPV genotyping

 Sanger sequencing (multiple
applications)

* Targeted human sequencing
via AmpliSeq (lon Torrent),
lllumina, PacBio

* Human whole exome, whole
genome sequencing

* Microbial targeted 16s RNA
and metagenomic sequencing

* Microbial denovo assembly
with long read PacBio
sequencing

* WtRNA sequencing

* miRNA sequencing

 Targeted RNA expression by
Nanostring

» 10X single cell RNA and
ATAC-Seq

* Whole genome HPV
sequencing
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m) NATIONAL CANCER INSTITUTE

Future Directions

Measured and sustainable growth to support new research areas
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Single Cell and Spatial Biology

= Leveraging established capabilities of CGR laboratory

*= Rich DCEG biospecimen resources with key scientific questions

sopOoOoooOQ

i
i

AL

Single-cell = Single-cell, Spatial
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Maintaining currency on sequencing applications

= Enabling cost-effective WGS studies; population scale via short read
sequencing, targeted studies for long read —

= Proteomics studies via Olink/lllumina

= Liquid biopsy applications requires
highly accurate sequencing
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